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AROMATIC POLYAM IDE PULP BY MEANS OF CONTINUOUS TRANSFERABLE 
POLYMERIZATION-ORIENTATION METHOD AND A PROCESS FOR 
PREPARATION THEREOF 

TFCHNICAL FIELD: 

The present invention relates to a process for preparing aromatic 
polyamide pulp. More particular, the invention relates to a process 
for the preparation of polyamide pulp having both exceiieni physical 
-5 - properties and a high -degree -of polymerization .wherein _an_ eromatic 
diamine is reacted with aromatic diacid dichloride in an amide and/or 
urea-based polymerization aolvent containing inorganic salts, or a 
mixture of inorganic salts and a Lewis acid compound. 

10 BACKGROUND ART: 

U.S. Patent No. 4,511,623 discloses a process for preparing an 
aromatic polyamide using solvent mixture of comprising inorganic salts 
wherein a tertiary amine is added into the amide solvent system. 

According to this method, polyamide fibers are prepared by adding 
15 tertiary amines prior to polymerization and applying a high mechnical 
shear rate at the moment gelation is achieved, thus rapidly increasing 
the rate of polymerization and producing a high degree of orientation 
and a high degree of polymerization. 

But, because U.S. 4,511,623 adds the amide solvent and excess 
20 tertiary amines simultaneously, and adds the diacid dichloride all at 
once, the viscosity of the reaction mixture suddenly increases while 
polymerization is occurring. Accordingly, polymerization is rapidly 
terminatedlwithin 10 seconds) and control of the process becomes very 
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difficult. In fact, it is i n possible to continuously produce fibers, 
particularly fibers having a high degree of polymerization which can 
take 5 hours. 

In order to overcome the problems of the prior art the present 
5 inventors discovered a process for producing pulp comprising extruding 
a liquid crystalline pre-polymer(LCP) through an orientation unit, 
spraying, end contact with a tertiary amine solvent systemte.g., 
Korean published patent 00-4911). However, because gelation of 
polymer solution in this process is initiated by the waii surface cf 
10 the -orientation unit- the orientation unit becomes clogged, and control 
of the process becomes difficult.' 

USP No. 5,106,560 discloses a process for the preparation of 
pulp by providing a polymer izet ion solution of diecid dichloride, di- 
amine and inorganic salts in an amide solvent system, followed by 
15 pouring the solution on a inclined support to provide orientation by 
oeans of gravity-induced shear forces. However, by using natural 
gravity molecular orientation it is impossible to produce pulp having 
a high degree of orientation. 

USP Serial Mo. 07/87,565 (filed April 28, 1992 by the present 
20 inventors) discloses a method wherein an anisotropic polymerizing 
solution is continuously ejected into container, where it remeins to 
msture. Unf ortunete I y , this method has the ssme drewbeck as USP No. 
5,106,560 which provides orientation by means of grsvity-induced shear 
forces in that a relatively low degree of orientation is achieved. 
25 When an anisotropic polymerization solution having low inherent 

viscosity is ejected according to USP Serial No. 07/87,565, the pro- 
perties of the final product are poor, and it takes approximately 0.5 
~5 hrs to increase the inherent viscosity and degree of orientation 
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of the polymerizing solution. Similarly, the degree of molecular 
orientation obtained by means of gravity shear is lower than that 
obtained by means of stirring, which results in decreased fibril 
growth in the final pulp and an increase in the time required for 
5 growth of fibrils having acceptable specific surface areas due to the 
low degree of orientation. Further, the properties of final product 
(e.g., as friction materials or gaskets) which are made from such a 
final pulp are poor. 

Generally, in the case of friction materials containing fibers, 
10 the friction effect applied to a-matrix is increased with- an increase 
in the specific surface area of the fiber while the adhesion effect 
increases as the length of pulp increases; these behaviors are 
considered to be mutually compromising factors, and lead to the use of 
powders which have high friction efficiencies due to a high surface 
15 area but provide low material reinforcement. 

Therefore, when the degree of orientation of the molecular chain 
is high, the specific surface area can be increased by the formation 
of fibrils, and the pulp has enough its length to reveal high adhesion 
effect. But if the degree of orientation is low, the length of pulp 
20 is not sufficient to increase the adhesion effect for final materials, 
while the specific surface area is increased due to the powder form. 

DISCLOSURE OF INVENTION 
It is an object of the present invention to provide an aromatic 
25 polyamide pulp wherein the aforesaid problems of prior art are 
avoided . 

It is also an object of the present invention to provide aromatic 
polyamide pulp by an easy, stable and cheap process without using 
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expensive tertiary amines and which avoids process line solidification 
problems due to gelation. 

Another object of the invention is to continuously provide a high 
molecular weight aromatic polyamide pulp having excellent microfibril 
growth and sufficient length to be utilized as reinforcement materials. 

To achieve the aforesaid objects, the present invention provides 
a process for the preparation of aromatic polyamide pulps having 
repeating units represented by the following formula (A). 



10- H H O- O 

I I II II 

-N-R.-N~C-R.-C- (A) 



wherein R , , R 2 are selected from the group consisting of the 
following aromatic groups, 



15 




20 



O 
II 

X is H, CI, Br, -C-NH z , or alkyl or alkoxy group of from 1 to 4 

O 0 C H » 

II II I 

25 carbon atoms, Y is -CH * -C- , -S - , - O - , or -C- 

II I 
O C H , 

Other and further objects, features and advantages of the invention 

will appear more fully in the following description. 
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BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 illustrates d iagrammat ica I I y a preferred process in 
accordance with the present invention. 

Fig. 2(A) is a front view of Fig. 1 
5 Fig. 2(B) is a plan view of the apparatus of Fig. 1 

Fig. 3 is a front view of the belt part of Fig. 1 
Fig. 4 and Fig. 5 represent depictions of ejector of raw material 
into mixer and a step of the first and second feeding. 

(A) air layer (B) aromatic diamine solution 
_ _ 1Q _ (C)The f(rst aron , a tjc diacid solution - 

(D) The first mixed solution' 

(E) The second aromatic diacid solution 

BEST MODE FOR CARRING OUT THE INVENTIONS 
15 In the present invention, aromatic polyamide pulp is prepared by 

the fol lowing process; 

(a) providing a polymerization solvent by adding one or more 
inorganic salts into amide-based or urea-based organic solvent system 
or into a mixture of amide-based and urea-based organic solvent system; 
20 (b) preparing a first solution by dissolving one or more 

aromatic diamines in said polymerization solvent, and then adding 20~ 
50 wt% of a total 100 wt% amount of one or more aromatic diacid 
dichlorides which will react with the one or more aromatic diamines in 
equivalent moles; 

25 (c) adding said first solution and the remainder 50 — 80 wtX of 

the one or more aromatic diacid dichloride to a continuous mixer 
simultaneously with mixing, and then ejecting said mixed solution onto 
a means for continuous transferable polymerization-orientation; 
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(d) polymerizing and orienting said mixed solution obtained in 
step (c) by polymerization orientation means located on the continuous 
transferable polymer iz8t ion-or ientat ion means; 

(e) maintaining and maturing the polymerized and oriented mixed 
5 solution obtained in (d) at a predetermined temperature for a predeter- 
mined time in the continuous transferable polymerization-orientation 
system; 

(f) precipitating the material obtained in (e) above into a pre- 
cipitating solution, and then pulverizing and drying the precipitated 

- - -10 - material in a pulping means. - - - . _ . . . 

The present invention is explained in more detail as follows: 
1) Preparation of the polymerization solvent 

In the present invention, amide-based or an urea-based organic 
solvent system, or mixture thereof, are used as the polymerization 
15 solvent. Any wt% mixture may be used. 

Preferred amide-based or urea-based organic solvents used in the 
invention include, for example, N-methy l-2-pyrrol id i none(NMP) , N,N- 
dimethyl acetam i de (DMAc ) , hexaraethylphosphoamide(HMPA) , N,N-dimethy I- 
formamide(DMF) , N,N,N ' ,N ' -tet ramethy lurea (TMU) or combinations 
20 thereof. 

One or more inorganic salts may be added to the above organic 
solvent system in order to increase the solubility of the eventual 
polymer. Preferred inorganic salts include metal halides or alkali 
earth metal halide salts such as CaCI 8 , LiCl, NaCl, KCI, LiBr, KBr . 
25 A single salt or a mixture of inorganic salts may be added. 

The amount of inorganic salts added to the solvent is preferably 
less than 12 wtX based on the total weight of polymerization solvent. 

When the amcrunt of inorganic salts is more than 12 wtX, it is not 
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economical becuase further desired effects are not achieved. 

A small amount of one or more Lewis acids may be added to the 
polymerization solvents in addition to the inorganic salt(s) in order 
to further increase the solubility of the polymer. Preferred Lewis 
5 acid compounds are selected from the group consisting of compounds of 
halogen atoms and transition metals, and compounds of halogen atoms 
and Group HA, IVA, VA, and VIA atoms of the periodic table, 
including BF , , BCI , , AICI , , MgCI , , FeCI , , FeCI , , ZnCI , , SbCI , 
and HgCl , . The amount of Lewis acid added is preferably from o.i 
TO ' to 5 wt% on the basis of the total weight of polymerization solvent . 

When the amount of Lewis acid is less than 0.1 wt%, the increase 
in the solubility of the final polymer and its molecular weight is no 
more than that obtained with the simple addition of inorganic salts. 
When the amount of Lewis acid is more than 5%, while the 
15 solubility and molecular weight is increased, it is not economical. 

According to the present invention, when mixtures of inorganic 
salts are used with Lewis acids, the inherent viscosity of the solu- 
tion is increased due to an increase in solubility as compared with 
the case of using only inorganic salt(s). 
20 2) Preparation of the first solution. 

After an aromatic diamine solution is prepared by dissolving one 
or more aromatic diamines in the above-described polymerization 
solvent, the aromatic diamine solution is transferred to a mixer set 
at a predetermined temperature using a quantitative pump and tem- 
25 perature controller, and simultaneously 20 to 50 wt% of a total 100wtX 
of one or more aromatic diamine in equivalent moles, is added thereto 
mixed, and reacted. The process of adding the aromatic diacid 

dichloride(s) is -preferably carried out at a temperature of from 0 to 
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30°C . 

The above first mixed so I ut i on ( so I vent , polyamide and some diacid 
dichloride) and remainder 50 to 80 wt% of aromatic diacid d ich I or ide(s) 
are then simultaneously added to a continuous mixer using a pump and a 
5 temperature controller and mixed to provide a second mixed solution, 
and then the mixture is ejected onto means for continuous transferable 
polymerization-orientation, where it is stirrred and polymerized. 

In the above process, it is possible to add all the aromatic 
diacid dichloride at once, but because mixing is not achieved uni- 
10 formly due-to an abrupt react ion and -because - side, reactions have _an 
effect on the properties of the final product, it is preferable to add 
it in two stages as above in order to obtain a uniform mixture. 

In order to obtain a uniform mixture in a short time, it is 
preferable to add the reactants together in same direction (parallel 
15 direction) by using an ejector like that represented in Fig. 4 and Fig. 
5 when the first mixed solution and the remainder of aromatic diacid 
dichloride are added together and/or to the continuous mixer. 

Generally it takes approximately 1—30 sec to mix the above 
reactants in a continuous mixer. Therefore, the present invention 
20 does not require 8 special polymerization reactor as prior art methods 
do to make possible the production of large quantities. 

3) Polymerization, orientation and maturing of the mixed 
solut ion 

The second mixed solution is ejected onto means for continuous 
25 transferable polymerization-orientation at a predetermined temperature, 
and the solution is stirred, optionally continuously, using polymeri- 
zation-orientation means to increase the degree of polymerization and 
provide orientation (in the rotating direction). The average shear 
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rate of the polymerization-orientation means is preferably more than 
10/sec. 

Referring now to the drawings, a continuous transferable polymeri- 
zation-orientation system in accordance with the present invention is 
5 illustrated in Fig. 1 to Fig. 3. 

The polymerization-orientation apparatus (circled) of the con- 
tinuous transferable polymerization-orientation system of Fig. 1 can 
be moved from front to rear, and the rpm of all driving motors (1) can 
be controlled variably. The polymerization-orientation apparatus is 
-10 f ixed at a predetermined place on the system whi le belt (4.) .18 moving 
at low speed to polymerize and provide orientation. 

A guide (8) may be attached to both edges (6) of the belt to 
prevent the polymer solution from flowing to the side (5) of the belt 
and guide (7) may be located on the back edge of the belt to prevent 
15 the ejected polymer solution from flowing in the opposite direction of 
the belt progress direction. 

Polymerization and orientation by stirring in the continuous 
transferable polymerization-orientation system is achieved within the 
turning radius of the rotating plate (2) of polymerization orientation 
20 apparatus. More than one polymerization-orientation stirring bar 
(3) can be used, and is assembled so that attachment anrd detachment 
is easy. Further, it is possible to use two or more polymerization- 
orientation apparatuses to polymerize and orient. 

The obtained polymer, which is polymerized and oriented by 
25 stirring, is maintained on the continuous transferable polymerization- 
orientation system (e.g., on the belt) and matured at a temperature 
of from 25 to 100°c, for preferably 10 to 60 mins to increase the in- 
herent viscosity and the degree of orientation of the polymer. When 
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the maturing temperature is less than 25°c, the time required for 
maturing is extended and when it is more than 100°c, the inherent vis- 
cosity of the final pulp is decreased. 

The concentration of polymer is preferably about 3 to 15% by 
5 weight of the polymerizing solvent. When the concentration of 
polymer is less than 3% by weight, it is not economical due to the low 
concentration although it is possible to produce a pulp having high 
inherent viscosity, and when the concentration of polymer exceeds 15% 
by weight, solubility is decreased and it is difficult to prepare a 
10 -pulp having a high inherent viscosity.. 

4) Preparation of the pulp ' 

Matured polymer is precipitated into a precipitating solution 
and then added to pulping means (10), pulverized and dried to prepare 
polyamide pulp. 

15 The precipitating solution of the present invention is preferably 

water or a basic aqueous solution, or a mixture of one of the above 
precipitating solutions and the polymerization solvent. A basic 

aqueous solution is used in order to remove the HCI gas generated in 
the polymerization reaction and to neutralize the system to prevent 

20 the inherent viscosity of polymer from decreasing due to the presence 
of acid and to prevent the apparatus from corroding. The object of 
using the mixture of precipitating solution and polymerization solvent 
is to control the extraction rate of polymerization solvent to reduce 
the time required for pulping and to promote microfibril growth. 

25 Preferred basic aqueous solutions are aqueous solutions selected from 
the group consisting of NaOH, KOH, Na , CO , ,K a CO , , NaHCO , ,Ca(0H) , , 
and CaO. The concentration of these aqueous solutions is preferred 
to be from 0.1 to 20% by weight in order to obtain neutralization and 
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increased viscosity. 

When using a mixed precipitating solution, the amount of the 
polymerization solvent is preferably less than 50X by weight of the 
total precipitating solvent. When the amount of the polymerization 
5 solvent is more than 50X by weight, the extraction rate of the solvent 
is decreased and provides a bad pulp shape. 

Any conventional pulping machine can be used as the pulping means 
of the present invention. 

According to the above method, an aromatic polyamide puip having 
- 10 repeating units represented by formula (A) can. be prepared : _ . __ _ 

H HO O 

I I II II 

-N-R.-N-C-R.-C- (A) 

wherein R, , and R, are selected from the group consisting of the 
15 following aromatic groups, 



20 




O 

II 

X is H, CI, Br, -C-NH a , I or alky I or alkoxy group of from 1 to 4 

O O CH, 

II II I 

25 carbon atoms, Y is -CH » -, -C-, -S-, - O - , or -C- and 

II I 
O CH , 

where R , is the aromatic group of the aromatic diamine, and R , is 

the aromatic group of the aromatic diacid dichloride. 
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The inherent viscosity (I.V.) of the pulp prepared by the presnet 
invention is preferably more than 3.0 g/df and the Canadian Standard 
Freeness is preferably within the range of 650 to 400m£, and the 
length distribution as measured by BAUER-McNETT classifier is 
5 preferably 

14 mesh or more is less than 30%, 
28 mesh or more is more than 30%, 
48 mesh or more is more than 60% r 
100 mesh or more is more than 70%, 
10- - 150 mesh or- less is less than 25%, _ .. _ . . 

where the screen mesh sizes are df the Tyler series and where the 
Canadian Standard Freeness and length distribution were measured by 
TAPPI T227 om-85 and TAPPI 233 om-82, respectively. 

One of the main effects of the present invention is to increase 
15 the degree of polymerization and orientation in a short amount of time 
by utilization of a polymerization-orientation apparatus in a con- 
tinuous transferable polymerization-orientation system without using 
expensive and harmful tertiary amines. 

In conventional methods, it is impossible to orient continuoulsy 
20 a high viscosity polymer solution because gelation occurs due to 
abrupt reaction in the reactor, and the orientation apparatus is 
clogged by gelation. 

The present invention solves the problem of gelation on a process 
line because polymerization and orientation is carried out in open 
25 means such as on a belt without using a closed system such as a poly- 
merization tank or a polymerization reactor like conventional poly- 
merization and orientation apparatuses. 

Further, the present invention can control the polymerization 
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temperature while reducing the energy consumption which is essential 
in the prior art to cool the polymerization reactor to low temperature 
due to the exothermic reaction in conventional methods, and can orient 
high viscosity solutions easily and continuously. One reason the 

5 present process is able to orient high viscosity solutions is that it 
is possible to maintain the effect of molecular orientation by 
stirring if the stirring is continued until the polymer is gelled. If 
molecular orientation is achieved by shear force, and then the shear 
force is removed before gelling, molecular orientation is lost and ex- 
it)- tremely low viscosity is obtained.- Because in the present invention, 
orientation is continued until the polymer is gelled, the polymer does 
not return to the inordered state and obtains maximum orientation. 

With the present invention, it is possible to reduce the time 
required for pulping due to the maximum orientation obtained and pro- 
15 duce high micro-f ibr i 1 1 ated aromatic polyamide pulp cheaply and 
cont inuous ly . 

This invention is illustrated by the following Examples, but 
should not construed to be limited thereto. 

The inherent viscosity (I.V.) of the pulp prepared invention is 
20 calculated by following equation. 
I .V . (g/ctf) = 1n( VreL )/C 

Wherein C is the concentration of polymer solution (0.5g of poly- 
mer is dissolved in 100m£ of 95~98% cone, sulfuric acid), and 
relative viscosity irdL ' s tne ratio °* flowing time measured by cap- 
25 illary viscometer using 95~98X cone, sulfuric acid as solvent. 



EXAMPLE 1 

After the temperature of a reactor in which 700kg N-methyl-2- 
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pyrrol i d i none was added was controlled to 70°c, 56ke of CaCI t was 
added thereto, stirred and completely dissolved. 

To the above polymerization solvent was added 29.97kg of p- 
phenylene diamine, stirred and dissolved to prepare the solution of 
5 aromat ic diami ne . 

The above amine solution was added at the rate of 785.97 g/min 
using a quantitative pump to a mixer controlled at a temperature of 
10°c using a temperature controller, and, simultaneously, melted 
terephthaloyl chloride was 8dded thereto at the rate of ia.69 g/min 
-10- and mixed and reacted to prepare a first mixed solution. _ 

To a continuous mixer, the 'first mixed solution and more melted 
terephthaloyl chloride was added at rates of 805.66 g/min and 36.57 
g/min, respectively. 

After the resulting solution was stirred in the continuous mixer 
15 for 10 sec, the mixed solution was fed into a continuous transferable 
polymerization-orientation system through an opening 8t a temperature 
of 50'C, and stirred and mixed at the shear rate of 20/sec to poly- 
merize and orient until gelation was completed, and then maintained 
there for 30 mins and matured. 
20 After the above solidified polymer was isolated from the continu- 

ous transferable polymerization-orientation system, it was precipitated 
into water and fed to a pulping machine, pulverized and dried to 
prepare a pulp. 

The inherent viscosity of the pulp was 4.5, and Canadian Standard 
25 Freeness was 641 mfi and the length distribution was, 14 mesh 29S, 28 
mesh 22%, 48 mesh 36%, 100 mesh 5% and 150 mesh less than 8%. 
EXAMPLE 2-9 

The same procedure was carried out as described in Example 1 with 
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the amount of components, conditions and properties provided 
Table 1. 

[ TABEL 1 ] 

5 



Example 


Polymerization solvent 


Liquid 


A inn M n t 
Of 

CaCl 2 


Lewis Acid 


Type 


Amount 
(kp) 

- - 


Type 




Amount 

f kp ) 


i 
l 


NMP 


700 


56 


- 


- 


o 

£* 


NMP 


700 


56 


- 




o 
O 


NMP 


800 


60 






4 


NMP 


800 


50 


AICI , 


10 


5 


NMP 


600 


50 






6 


NMP 


700 


56 






7 


NMP 


800 


60 






8 


NMP 


600 


60 






9 


NMP 


800 


30 


MgCI t 


10 



25 * NMP : N-methy l-2-pyrol I idone, 

TPC : Terephthaloy I chloride, 



to be continued 
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Mix ing 




1st solution 


Final Solutic 


n 


Example - 


amine solution 


Amount 


1st solution 


Amount 




Temp. 
(°C> 


Amount 
(g/min) 


(9/ 
min) 


Temp . 

\ c ) 


Amount 


(9/ 
min) 


I 


10 


785 . 
97 


16.69 


D 


805 . 
66 


36.57 


2 


10 


785. 
97 


16.88 


5 


85 


39.38 


3 


10 


889. 

- 97 


22.50 


5 


47 - - 


33.76 


4 


5 


889. 
97 


19.69 


5 


909 . 
66 


36.57 




10 


o/y . 
97 


11.25 


5 


691 . 

22 


45.01 


D 


10 


785. 
97 


11.25 


5 


787. 
22 


45.01 


7 


10 


889. 
97 


19.69 


5 


909. 
66 


36.57 


8 


10 


889. 
97 


16.88 


5 


906. 
85 


39.38 


9 


5 


869. 
97 


16.68 


5 


886. 
85 


39.38 



to be continued 
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P/0 


system 


Pulverizing 


Example 


shear 


ge lat ion 


solvent 


rate 

tit 

sec) 


Temp 

<°c) 


T i me 
(rain 




1 


on . 


50 


30 


water 


Z 


40 


60 


30 


aq. NaHCO , 


3 


fin 


60 


60 


30% polyn . sol . 
70% water 


4 


1 40 


60' 


60 


20% polyn. sol . 
80% water 


5 


120 


60 


60 


30% do I vn . so I . 
70% water 


6 


180 


50 


50 


QOV do I vn . so 1 . 
10% water 


7 


100 


60 


60 


20% polyn. sol . 
! 80% water 


8 


60 


60 


60 


aq. Ca(0H) , 


9 


100 


30 


30 


water 



^ P/0 system : polymerization-orientation system 
polyn. sol.: polymerization solvent 



to be continued 
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Propert ies 




1 V 


Canad i an 


Length Distribution 


Example 




Standard 
Freeness 

V in* | 


more 
than 
14 
mesh 
M) 


more 
than 
28 
mesh 
(X) 


more 
than 

48 
mesh 

(X) 


more 
than 

100 
mesh 

(X) 


less 
than 

150 
mesh 

(X) 


1 


4.5 


641 


29 


22 


36 


5 


8 


2 


4.7 


628 


29 


20 


36 


5 


10 


3 


5.8 


602 


23 


21 


36 


11 


9 


4 


6.4 


547 ' 


28 


20 


21 


12 


14 


5 


4.1 


497 


26 


17 


28 


14 


15 


Q 


5.2 


468 


25 


24 


24 


15 


12 


7 


5.9 


582 


22 


17 


38 


10 


13 


8 


5.3 


613 












9 


4.0 


647 













COMPARATIVE EXAMPLE 1 

After the temperature of a reactor in which 700ku N-raethyl-2- 
pyrrolidinone(NMP) was added was controlled to 70°c, 56kg of CaCI l 
25 was added, stirred and completely dissolved. 

To the above polymerization solvent was added 29.97kg of 
p-phenylene diamine, stirred and dissolved to prepare the solution of 
aromatic diamine. 
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The above a„ine so.ution was added at the rate of 785.97 ./.In 
using quantitative pump to the mixer ,nd centre. ..d at the temper- " 
8ture of 10% "sing temperature control.er. and simu.taneous.y 
ne ,ted taraphtha.oyl ch.oride was added thereto at the rate of 19-69 
5 g/min and mixed and reacted to prepare the first mixed solution. 

To a continuous mixer, the first nixed so.ution and .ore me.ted 
terephtha.oy. ch.oride was added at the rates of 805.66 ./.I- and 
36.57 g/min. respectively and mixed for 10 sec. 

The temperature of the polymer inside the continuous mixer was 

10 controlled not to exceed 60 "C . 

The above mixed so.ution was continuously ejected onto a moving 
be .t provided a. the bottom of opening, and maintained thereon for 50 

mins and matured. 

The ebove so.idified po.ymer was precipitated into 30%(NMP) so.u- 
15 tion of polymerization advent and fed to the same pu.ping machine 
used in Examp.es 1-9, pulverized and dried to prepare a pu.p as 

powder form. 

The inherent viscosity of the pulp was 1.8. 
- rnHPARAT I VE EX AMPLE 2 3> 

After the temperature of reactor in which 700* H-.ethy.-2- 
pyrro.idinone was added was controlled at70«C,56l< 8 of CaC. . was 
added, stirred and completely dissolved. 

To the above polymerization solvent was added 29.97kg of 
p-pheny.ene diamine, stirred and dissolved to prepare the so.ution of 

25 aromatic diamine. 

The above amine so.ution was added at a rate of 785.97 g/min 

using a quantitative pump to a mixer and controUed at the temperature 
of lot using temperature control, and simu.taneous.y melted tere- 



20 



WO 94/13727 



- 20 - 



PCT/KR93/00108 



phtha.oyl chloride was added thereto at a rate of 19.69 g/min and 
reacted to prepare a first nixed solution. 

The first nixed solution and nore netted terephthaloyl chloride 
were added at the rates of 805.66 g/nin and 36.57 g/.in, respectively 
5 on a noving belt, at a tenperature of 60°c, and maintained there for 

50 nins and matured. 

The above nixed solution on the belt was not solidified and was 

precipitated into 30S NMP solution of polymerization solvent and fed 
to the pulping nachine of Example 1, pulverized and dried. 

To" " "The Inherent -viscosity- of the pulp as powder- form -was 0.3 

< COMPARAT IVE FXAWPLE 3 » 

After the temperature of reactor in which 6001* N-methyl-2- 
pyrrolidinone was added was controlled at 701: . 60* of CaCI . was 
added, stirred and completely dissolved. 
15 To the above polymerization solvent wes added 29.97kc of 

p-phenylene diamine, stirred and dissolved to prepare the solution of 

eronatic diamine. 

The above solution was added at a rate of 679.97 g/min using a 
quantitative pump to a mixer and controlled at a temperature of 10'C 
20 using temperature control, and simultaneously melted terephthaloyl 
chloride was added thereto at the rate of 14.07 B /nin and mixed and 
reacted to prepare the first nixed solution. 

To the continuous nixer, the first nixed solution and melted 
terephthaloyl chloride was added at rates of 694.04 g/nin and 42.19 
25 g/nin, respectively and mixed for 10 sec. The temperature of the 

polyner inside the continuous nixer was control led not to exceed 
60 "C • 

The above nixed solution was continuously ejected on a moving 
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belt provided at the bottom of opening, and then maintained there for 

50 nins and matured. 

The above solidified polymer was precipitated into 30S NMP 
solution of polymerization solvent and fed to the pulping apparatus 
5 of Example 1, pulverized and dried to prepare a pulp as powder form. 
The inherent viscosity of the pulp was 1.6. 

Obviously, numerous modifications and variations of the present 
invention are possible in light of the above teachings. It is there- 
fore to be understood that within the scope of the appended claims, 
10 the invention may be practiced otherwise than as specifically 
described herein. 
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WHAT IS CLAIMED IS; 

1 . A process for the preparation of aromatic polyamide pulp, 
5 which process comprises the steps of: 

(a) preparing a polymerization solvent by providing one or more 
amide-containing or urea-containing organic solvents, or a mixture of 
said solvents, optionally comprising one or more inorganic salts; 

(b) preparing a first mixture by dissolving one or more aromatic 
10 diamines in said polymerization solvent, and mixing therewith- 20 — 50 

wtX of one or more aromatic diacid dichlorides, and reacting said one 
or more diacid dichlorides with said aromatic diamines; 

(c) adding said first mixture and the remainder 50 — 80 wtX of 
aromatic diacid dichloride to a continuous mixer simultaneously with 

15 mixing, and then ejecting said mixed solution onto a continuous trans- 
ferable polymerization-orientation means; 

(d) polymerizing and orienting said mixed solution obtained in 
(c) by polymerization orientation means located on the continuous 
transferable polymerization-orientation means; 

20 (e) maintaining and maturing said polymerized and oriented mixed 

solution obtained in (d) in the continuous transferable polymerization- 
orientation means; 

(f) precipitating the material obtained in (e) into a precipitat- 
ing solution, and then pulverizing and drying the precipitate in 

25 pulping means; 

(g) obtaining an aromatic polyamide pulp having reapeating units 
represented by the following formular (A) : 
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10 



H HO O 

-N-R . -N-C-R . -C- 

wherein R lr R. ere selected fro* the group consisting of the 
following aromatic groups, 



15 



20 



25 



X is H, CI, Br, -C-NH. , or alkyl or alkoxy flroup of from 1 to 4 

O O C H . 

II II ' 

carbon atoms, Y is -CHt - . -C- , -S-.-O-.or -C 

O CH, 



2. The process according to claim 1, wherein said organic 
solvents are selected from the group consisting of N-»ethyl-2-pyrrol i- 
dinone, N.N-dimethylacetamide, hexamethy Iphosphoamide, N,N-dimethyl- 
formamide, N,N,N ' ,N ' -tetramethylurea, and mixtures thereof. 

3. The process according to claim 1, wherein said inorganic 
salts are aelected from the group consisting of CaCI , ,LiCI, NaCI.KCI, 
LiBr, KBr, and mixtures thereof. 

4 . The process according to claim 3, wherein the amount of 
said inorganic aalts is 0.1 to 12* by weight of said polymerization 
solvent . 

5 . The process according to claim 1, where one or more Lewis 
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acid compounds is added to said poller i zat i on solvent. 

6 . The process according to claim 5, wherein said one or more 
Lewis acid compounds is selected fro. the group consisting of 

BCI , , Aid , . «gd . , Fed , , Fed , . ZnC, , , SbC. , . HgC. . . and 

5 mixture thereof. 

7 . The process according to claim 5. wherein the amount of 
said one or •ore Lewis acid compounds is 0.5 to 5% by weight of said 

polymerization solvent. 

8 . The procesa according to claim 1. wherein said aromatic 
i0" diamine/po.ymerizatidn solvent-solution and said 20~50wt« of said arc- 
hie diacid dichloride in step <b(. and said firat mixture and aaid 
remainder aromatic diacid dichloride of step (c) are mixed in para.lel 



direction. 

g . The process according to claim 8, wherein said mixing is 
15 accomplished with the ejector. 

10. The procesa according to claim 1. wherein said continuous 
transferable polymerization-orientation means comprises a belt and one 

or more stirring bars. 

11. The process according to claim 10, wherein seid one or 
20 more stirring bars rotate around an axis perpendicular to an upper 

surface of the be 1 1 . 

12. The process according to claim 10. comprising plural 

stirring bars. 

13. The process according to claim 10. wherein a guide is 
25 provided to prevent said so.ution ejected from flowing in a direction 

opposite to the progress of the belt. 

14. The process according to claim 10, wherein guides_ are 
provided at both-edges of said belt to prevent said solution from 
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flowing to the side of said belt. 

15. The process according to claim 10, wherein said one or 
more stirring bars are provided at an upper part of said belt. 

16. The process according to claim 1. wherein in step (c) 

5 said solution is ejected on the continuous transferable polymerization- 
orientation means by free fall. 

17. The process according to claim 1, wherein the concentration 
of said polymer is 3 to 15% by weight of said total polymerization 
solution. 

10 1 8 "The" process" according to claim 1, wherein polymerization - 

and orientation is carried out until the polymer is gelled. 

19. The process according to claim 1, wherein in step (e) poly- 
mer solution is matured by maintaining said solution at a temperature 
of 25 to 100°c, for 10 to 60 mins. 
15 2 0. The process acoording to claim 1, wherein said precipita- 

ting solution is selected from the group consisting of water, basic 
aqueous solution, and mixtures of one water or a basic aqueous 
solution with said polymerization solvent. 

2 1. The process according to claim 20, wherein said basic 
20 aqueous solution is selected from the group consisting of aqueous 
solutions of NaOH, K0H, Na , CO , , K , CO , , NaHCO . , Ca(0H) . and CaO. . 

2 2. The process according to claim 21, wherein the concentra- 
tion of said basic aqueous solution is 0.1 to 20 wtX. 

2 3. The process according to claim 20, wherein the amount of 
25 polymerization solvent in said mixed precipitation solution is less 
than 50K by weight of said total precipitating solution. 

2 4. The process according to claim 1, wherein said aromatic 
polyamide is poly(p-pheny lene terephthalamide) . 
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2 5. An aromatic polyanide pulp prepared in accordance with the 
process of claim 1, which has an inherent viscosity of more than 3.0 
g/d0, a Canadian Standard Freeness of less than 650 m2 . 

2 6. The aromatic polyamide pulp according to claim 25, having 
5 a pulp length distribution at 14 mesh or more of less than 30%, at 28 
mesh or more of more than 30%, at 48 mesh or more of more than 60%, at 
100 mesh or more of more than 70S, at 150 mesh or less of less than 
25%. 

2 7. The aromatic polyamide pulp according to claim 25 or claim 
' TO " 26 ," where l n-sa i d-aroma t i c pel yamide -I s po l y (p-pheny I eneterephtha I m i de ) . 
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